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METHOD AND DEVICE FOR THE PRODUCTION AND BOTTLING OF 
LIQUIDS ENRICHED WITH OXYGEN 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] The present application is a U.S. National Stage of International Patent 
Application No. PCT/EP2004/010407 filed September 16, 2004, and claims 
priority under 35 U.S.C. § 119 of German Patent Application No. 103 43 281.7 
filed September 18, 2003. Moreover, the disclosure of International Patent 
Application No. PCT/EP2004/010407 is expressly incorporated by reference 
herein in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

D e scr i pt i o n 

[0002] The invention relates to a method and a device for the preparation and 
bottling of liquids , in particular, to a method and a device for the preparation and 
bottling of liquids enriched with oxygen or with an oxygen/gas mixture according 
to th o pr e amb le of c l a i m 1 or 10 . 

2. Discussion of Background Information 

[0003] Methods and devices for preparing highly oxygen-enriched liquids, in 
particular beverages, are known from the European patent EP 0 847 959 B1 and 
the German published, unexamined^application DE 101 04 207 A1. 
[0004] In these methods, the oxygen-enriched liquid is kept in a pure oxygen 
atmosphere or an oxygen/gas mixture from impregnation until it is bottled b ettfeg 
in containers. Prior to introduction of the liquid into a container, said the container 
is li k e w i s e prepressurized with oxygen or an oxygen/gas mixture in a filling 
machine. It is necessary to accept a not inconsiderable loss of oxygen in the 
process as a whole. Not only is pure oxygen expensive, but its handling is not 
uncritical on account of its reactivity. 
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[0005] In contrast, th e obj e c t an aspect of the invention is to disclose an 
improved method and a device for the preparation and bottling of oxygen- 
enriched liquids, as well as a beverage container obtainable therewith. 

SUMMARY OF THE INVENTION 

[0006] This An aspect o bject of the invention is attained with respect to the 
method characterized in that the enriched liquid is kept under a nitrogen 
atmosphere at least part of the time during the bottling process b y— the 
characterizing featur e s of c l a i m 1, and w i th rospoct to and the device 
characterized in that the device has at least one filling element with a liquid valve, 
at least one gas valve, and a nitrogen-filled chamber, wherein a flow connection 
for flushing and/or preoressurizing the container with nitrogen can be established 
between a container applied to the filling element and the chamber bv way of the 
gas valve, and in that the device has a vat partially filled with liquid, and the liquid 
in the vat can be pressurized with nitrogen, preferably in the range from 1 to 10 
bar bv tho charactor i zing foatures of claim 10 . 

[0007] While it hitherto seemed necessary, in order to prevent 0 2 release, to 
keep liquids enriched with a very high 0 2 content (75 mg/l to 330 mg/l), in 
particular beverages such as mineral water, soft drinks, fruit juices or the like, 
under an oxygen atmosphere or an oxygen/gas mixture from the time of 0 2 
enrichment to bottling in containers, such as bottles, cans, or other suitable 
vessels^the invention departs from this approach and utilizes the surprising 
finding that, on account of the only short dwell time of the liquid in the system 
during the ongoing preparation and filling process, there is likewise only a short 
contact time between the enriched liquid and the nitrogen used in accordance 
with the invention. Surprisingly, it has become apparent that there are no adverse 
effects on the 0 2 -enriched liquid when the containers to be filled are 
prepressurized with nitrogen, i.e., the dissolved 0 2 content is not affected 
appreciably, and practically no nitrogen uptake by the liquid takes place. These 
effects may be attributed to the rather slow solution behavior of nitrogen. 
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[0008] According to an advantageous further development, the 
3 prepressurization of the container with nitrogen can also be preceded by a 

flushing treatment, likewise with nitrogen. 

[0009] Alternatively or in addition, in the case of shape-retaining containers, 
e.g. glass bottles, at least one evacuation step prior to the introduction of the O2 
enriched liquid is possible before the prepressurization takes place to a fill 
pressure above atmospheric pressure, in particular the saturation pressure of the 
liquid. Furthermore, a combined multiple flushing/pre-evacuation treatment of a 
container prior to the prepressurization is possible. 

[0010] Another embodiment of the invention provides for the insertion of a 
small quantity of a liquid gas, for example liquid nitrogen and/or oxygen, into the 
containers prior to the introduction of the liquid. With a subsequent brief 
evacuation, the liquid gas can be evaporated rapidly by wav means of a relatively 
fast pressure drop, by which moans it is likewise possible to produce a gas 
atmosphere, in particular of nitrogen. Liquid oxygen is less critical in its handling 
than pure oxygen in the gas phase. Of course, a prepressurization phase can 
again precede the introduction into the containers of the liquid to be bottled. 
[001 1] The use of nitrogen need not be restricted solely to the containers to be 
filled, but can also extend to the storage containers in the filling machine as well 
as in the liquid impregnation system (impregnation tank, storage tanks, etc.), i.e. 
the complete preparation process, starting from the impregnation of a liquid with 
oxygen to bottling in containers, can take place under a nitrogen atmosphere 
throughout. 

[0012] Advantageously, nitrogen is not only less critical in its handling, but also 
significantly more economical than oxygen. 

[0013] Add i tiona l advantag e ous e mbod i monts aro tho subjoct matt e r of th e 
rema i n i ng dep e ndent c l a i ms. Other exemplary embodiments and advantages of 
the present invention may be ascertained bv reviewing the present disclosure 
and the accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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A pref e rr e d e x e mp l ary ombodim e nt i s e xplain e d b el ow using th e f i gur e s. Th e y 
show: 

[0014] Fig. 1 illustrates a- A top view of a device for the preparation and 
filling of beverages into bottles in a diagrammatic representatio^r-af^ 

[0015] Figs. 2a to 2g illustrate R e sp e ct i vely a partial vertical cross-sections 
through the outer periphery of a filling machine from Fig. 1 in multiple 
chronologically sequential operating states. 

DETAILED DESCRIPTION OF THE PRESENT INVENTION 

[0016] As shown in Fig. 1, a system for preparing and bottling oxygen-enriched 
liquids, in particular beverages, has a filling machine 7 that can be continuously 
driven in rotation, which has for example an annular vat 8 partially filled with the 
beverage to be bottled and a gas chamber 10 filled with a cushion of pressurized 
gas above the beverage level 9, wherein the pressure corresponds at least to the 
saturation pressure of the beverage in question, preferably in the range of 1 to 10 
bar. In the present case, the gas chamber is filled with nitrogen. 
[001 7] Distributed at regular intervals along the periphery of the annular vat, 
over its entire circumference, are filling elements 1 1 , each of which is connected 
to the underside of the vat by a liquid supply line 12 passing through an inductive 
flow sensor. The filling machine's annular vat, which can be continuously driven 
in rotation, is supplied with the beverage to be bottled and the aforementioned 
pressurized gas (pure nitrogen) in a manner known perse through rotary 
manifolds 14 arranged in the center of the filling machine, which manifolds are 
flow-connected firstly to a gas supply line and secondly to a buffer tank 15 of an 
impregnating system for supplying liquid. 
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[0018] In a manner known perse, the impregnating system has, for enrichment 
with oxygen of a liquid, for example water, soft drink, tea, or the like, at least one 
injector 16, which has a connection for supplying the liquid and at least one 
additional connection for feeding oxygen. If needed, additional injectors 17, for 
example for dissolving CO2, may also be present. If applicable, multiple parallel- 
connected injectors with different flow cross-sections can be provided in order to 
achieve optimal mixing ratios through selection of the appropriate injector(s) in 
the event of different flow rates. 

[0019] The liquid supplied from the output side of the injector 16, 17 in use, 
containing a high proportion of dissolved oxygen, is directed into an impregnating 
or buffer tank 15, which is only partially filled with liquid and has a cushion of gas 
15' enclosed in the container and acting on the liquid level; said the gas cushion 
can be pressure-regulated in a controlled manner by way moans of a gas supply 
line and a gas exhaust line in the event of variations in the fill level. This 
pressurized gas (nitrogen) also has an overpressure which is above the 
saturation pressure of the liquid at least. 

[0020] To feed the injectors and transfer the fully mixed beverage into the filling 
machine, controllable pumps - not shown - are provided. 
[0021] Each of the filling elements 1 1 has a liquid valve 18 that can be 
actuated under electropneumatic control and through which a gas passage 19 
extends concentrically. This gas passage, which transitions into a downward- 
projecting gas tube 20, stands in connection through a connecting line 21 with an 
outlet of a valve block 22 associated with the filling element 1 1 ; in the present 
case said valve block has, for each filling element, five separate gas valves 23 
through 27 that can be actuated under electropneumatic control for sequence- 
dependent supply and exhaust of the individual process gases as a function of 
the filling process. However, One one of the aforementioned valves 27 opens 
through a connecting line onto a gas feed located below the liquid valve 18 T 
how e v e r . 

[0022] All valve blocks 22, together with the liquid valves 18, are attached to an 
annular carrier 28, which in the present case has three annular channels 29, 30, 
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31 , which are closed with respect to the ambient atmosphere and extend 
horizontally around the full circumference and likewise are connected by 
associated rotary manifolds in the center of the filling machine for the supply or 
exhaust of gas. Individually, these can be a pure gas channel 29, a flush gas 
channel 30, and a relief or vacuum channel 31 . 

[0023] Located in the region below the filling elements 1 1 are pneumatic lift 
cylinders 32 which can be raised and lowered under the control of a non-rotating 
cam 34 in conjunction with cam rollers 33, each of which lift cylinders has a 
gripping or holding element 35 that grips below the collar of plastic bottles 40. A 
gas cushion enclosed in the lift cylinder continuously exerts a contact pressure 
directed upward toward the filling element 1 1 throughout a complete cycle. 
[0024] A complete filling cycle for a bottle is explained below using the 
sequence of figures 2a through 2g depicting the individual filling phases. 
[0025] A continuous single row of bottles arriving from, for example, a stretch 
blow molding machine (not shown) producing plastic bottles 40 is drawn apart to 
the pitch of the filling elements on the circumference of the filling machine by a 
separating screw 36 arranged in an infeed section of the filling machine 7, and is 
transferred into the lift cylinders 32 by a subsequent star wheel infeed 37. During 
this process, one bottle 40 at a time is gripped beneath its collar such that its 
open mouth is held concentrically aligned with the liquid outlet of the filling 
element 1 1 positioned above it (Fig. 2a). 

[0026] The stationary cam 34 that works together with the cam roller 32 of the 
lift cylinder 32 is designed in the circumferential direction such that the mouth of 
the bottle 40 is initially raised toward the liquid outlet but has not yet reached a 
gas-tight pressed-on seal with the filling element 1 1 . During this process, the gas 
tube 20 projecting downward beyond the liquid outlet enters the neck of the bottle 
40 to be filled (Fig. 2b). The opening of a flush valve 23 opens a gas connection 
from the flush gas channel 30 through the connecting line 21 and the gas tube 20 
extending into the bottle, so that a flush gas, in the present case made 
essentially of nitrogen, flows into the as-yet unsealed bottle at high velocity and 
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drives the air originally contained out through the open bottle mouth. This takes 
place in the area of rotation of the filling machine labeled position 1 in Fig. 1. 
[0027] Subsequent raising of the bottle 40 by way m e ans of the lift cylinder 32 
causes the mouth of the bottle to be pressed gas-tight against the fill outlet of the 
filling element 1 1 below the liquid valve 18, whereupon after the closure of the 
flush valve 23 a prepressurization valve 24 is opened in order to open a flow 
connection between the gas tube 20 and the pure-gas channel 29 (Fig. 2c). Pure 
nitrogen can now be introduced from the pure-gas channel 29 into the bottle, 
which is kept sealed with respect to the atmosphere until a predefinable 
prepressurization pressure, preferably 1 to 10 bar, is reached, which corresponds 
essentially to the gas pressure prevailing in the annular vat of the filling machine 
(area of rotation 2 in Fig. 1). The equalization of pressure present between the 
two aforementioned volumes can be ensured by way m e ans of a connecting line 
that is not shown, for example. The gas cushion 10 present within the annular vat 
8 of the filling machine 7 can also be made of pure nitrogen. The interior vat 
pressure, which is above the saturation pressure of an 02-enriched beverage, 
depends in the individual case on the degree of enrichment of the beverage to be 
processed and on its temperature, and accordingly is adjustable. 
[0028] Upon reaching the desired prepressurization pressure in the bottle, the 
liquid valve 18 is now opened by raising its movable valve body from the 
associated valve seat, the prepressurization valve 24 is closed, and a return gas 
valve 25 is actuated. As the process continues, the beverage now flows through 
the bottle mouth into the bottle interior, and is directed to the bottle wall by a 
deflector located on the gas tube 20 in the region of the expanding bottle 
shoulder in order to flow from there along the bottle wall toward the bottle bottom 
in the form of a liquid film (Fig. 2d). Meanwhile, the quantity of beverage flowing 
in is continuously measured by the inductive flow sensor 13. The sensor supplies 
a signal to close the liquid valve 18 when a predefinable quantity of liquid is 
reached. While the liquid flows into the bottle, the gas volume originally contained 
in the bottle simultaneously flows back through the gas tube 20 past the return 
gas valve 25, which is open during this phase, into the flush gas channel (area of 
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rotation 3 in Fig. 1) as a result of the incoming liquid. This return gas valve 25 is 
also closed approximately simultaneously with the closing of the liquid valve 18 
(Fig. 2e). After a predefinable settling time (area of rotation 4 in Fig. 1), the 
headspace of the filled bottle, which is still at an overpressure, is connected to 
the relief channel 31 by opening at least one relief valve 26 in order to bring 
about a pressure drop, for example through an interposed throttling port, to an 
intermediate pressure or directly to atmospheric pressure (areas of rotation 5 and 

6 in Fig. 1). The gas tube 20 can simultaneously be relieved through a second 
relief valve 27 (see Fig. 2f). It is alternatively possible, however, to establish an 
underpressure in the relief channel when an appropriately narrower throttling port 
is interposed. 

[0029] After the relieving, the bottle 40 is lowered by the appropriately 
designed stationary cam 34 against the upward-acting contact pressure applied 
by the lift cylinder 32 (Fig. 2g), and is subsequently transferred into the star 
wheel outfeed 38 of the filling machine 7, whereupon the gripping elements 35 of 
the lift cylinder 32 holding the bottle are simultaneously opened. The filled but still 
open bottle can now be delivered to a sealing machine 39, which applies a screw 
closure in a gas-tight manner, for example. 

[0030] It is possible to inject liquid nitrogen and/or oxygen into the open 
headspace of the bottles in a pulsed, controlled manner on the path from the filler 

7 to the sealing machine 39, by way m e ans of a controllable injection device 42 
located in this transport region, before a closure is applied. 

[0031] The injection of liquid nitrogen and/or oxygen by an injection device 41 
in the region ahead of the infeed of the filling machine 7 is also possible, primarily 
when a vacuum is briefly generated prior to the introduction of the liquid to be 
bottled, in that the vacuum present in the relief channel is temporarily brought 
into operative connection with the bottle. It is a matter of course that in this case 
the bottles must have adequate shape stability as a function of the desired 
underpressure, such as is of course the case with glass bottles, for example. 
[0032] In order to reliably avoid a gas exchange between the nitrogen 
atmosphere and the beverage below it in the annular vat 8 of the filling machine 
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7, or even in the buffer tank or collecting tank 15 of the beverage impregnating 
station, a flat, ring-shaped float 43 can additionally be used in the annular vat 8, 
covering essentially the full area of the surface of the beverage volume present in 
the annular vat. Floats 44 covering the liquid level can also be used for the same 
purpose in the tank 15 containing the oxygenated beverage of the impregnating 
station located ahead of the filler. In place of floats, elastic membranes, balloons 
or rolled membranes are also possible, by which m e ans it would even be 
possible to achieve a gap-free and thus complete separation of pressurized gas 
and beverage. 

[0033] As an alternative to the proposed nitrogen, noble gases (helium, etc.) 
could also be used if desired, although they are more expensive to procure. 
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